The large stomach worm, Haemonchus contortus is a highly pathogenic nematode parasite of sheep (Ovis aries) and goats (Capra hircus). It sucks blood and causes acute disease, anaemia and severe economic losses due to morbidity and mortality. This paper compares characteristics of surface cuticular ridges (synlophe) and morphometrics of total body length, cervical papillae, spicules, barbs, gubernaculum and vulvar flap morphology of H. contortus recovered in the two hosts from the States of Perak and Kelantan, Peninsular Malaysia. The morphological variation in H. contortus samples recovered from the two hosts in Kelantan was found to be higher than from Perak. A discriminant function, based on three measurements of the spicule, confirmed the identity of male worms in the two hosts as belonging to the same species H. contortus.
Introduction
The large stomach worm, Haemonchus contortus, (commonly known as the barber's pole worm), is a blood-sucking nematode found in the abomasums of sheep and goats. The infection causes anaemia, occasional death of the animals, and is a major animal health problem. Although the worm from both hosts share similar general morphology, differences in the characteristics of cuticular ridges (synlophe) of the worms recovered from the two animals has kindled much interest in its detailed morphology, more so in regions where H. contortus is sympatric, especially where goats and sheep share the same pastures (Lichtenfels et al. 1986 (Lichtenfels et al. , 1988 (Lichtenfels et al. , 1994 . In Malaysia, it had been reported that there were more cuticular ridges in H. contortus from goats compared to that of sheep, although the study was confined to Penang Island, Peninsular Malaysia (Rahman and Hamid 2007 ). The present paper compares H. contortus worms obtained from a western state (Perak) with that of an eastern state (Kelantan) of Peninsular Malaysia. The climate conditions in Malaysia are homogeneous so the climate in the two regions is almost the same. Throughout the year the average temperature is constantly high (26°C) and the average humidity also high (80%) with rainfall exceeding 2500 mm per year. These states were chosen because they are geographically isolated by a chain of mountains, and moving of animals between the two states is difficult. Observations and measurements of cuticular ridges (synlophe), total body lengths, cervical papillae, spicules, barbs, gubernaculum and vulvar flap morphology of worms are described.
Materials and methods

Worm recovery and parasitological examination
Adult H. contortus worms were recovered from the abomasums of sheep and goats obtained from the Veterinary Research Institute (VRI) in Ipoh, Perak and VRI, Kota Baharu, Kelantan, Peninsular Malaysia. Abomasums were taken to the laboratory, cut open along its greater curvature and individual adult worms were collected under dissecting microscope and then washed under tap water to remove adherent food residue. The samples were collected at the same time of the year. Morphological identification of specimens was based on Soulsby (1965) and MAFF (1986) . The specimens were preserved in 70% alcohol. Observations of cu-*Corresponding author: ghrama77@yahoo.com Phenotypic differences of H. contortus from sheep and goats 413 ticular ridges (synlophe) at 8 mm from the anterior end were made on cross-sections of male and female worms obtained by free-hand cuts using sharp razor blades. Specimens were viewed under interference contrast light microscope using Image Analyzer program. Observations and measurements of total body length, cervical papillae length of male and female worms (from anterior end to level of cervical papillae), spicules, barbs (tip to hook distance), gubernaculums lengths of males and vulvar flap morphology of female worms were made on worms cleared in lactophenol for study in temporary mounts on glass microscope slide (Lichtenfels et al. 1994) . One hundred worms (50 males and 50 females) from each host were used for each observation and measurement.
Statistical analysis
Microsoft Excel program was used to store and to carry out descriptive summary of data. The program SPSS 13 (SPSS Inc.) was employed for data analysis and Mann Whitney Utest was used to compare between isolates from the two hosts because the data were non-normally distributed. The significance level for the statistical analysis was set at p<0.05.
Species identification using discriminant function (DF)
A linear discriminant function (DF) combining three measures of male spicules (the total length of the spicule, i.e. TL, the distance from the tip to the hook of the right spicule, i.e. THr and the distance from the tip to the hook of the left spicule, i.e. THl) was used to confirm the identification of individual male worms. The total length of the spicule was calculated by taking the mean of the right and left spicules. This DF was established to identify male worms of the Haemonchus genus and was successfully evaluated on natural and experimental populations throughout the world (Jacquiet et al. 1997 sheep; also the cervical papillae lengths were shorter in goats but only in female worms (Table I) . For Kelantan State, total body lengths of both sexes of worms, cervical papillae of females and both spicules of male worms recovered from goats were significantly longer than in sheep. In addition cuticular ridges (at the 8 mm region from anterior end) of female worms from goats were more than those from sheep. No significant differences were observed in the barbs and gubernaculum lengths in the males of the two hosts either in Perak or Kelantan (Table I) . Spicules and synlophe photographs of H. contortus in sheep and goats from Perak and Kelantan are shown in Figures 1-8 . Three vulvar flap morphs were observed in H. contortus females from sheep and goats in the two states; linguiform, knobbed and smooth morphs. In both Perak and Kelantan, the linguiform morph was predominant in H. contortus recovered from sheep (54% and 64%, respectively), while the knobbed morph was predominant in goats than sheep (70% and 50%, respectively) (Fig. 9) .
The 200 male worms were well identified as H. contortus where the DF values were less than 0.63 (Table II) and most of the DF values of male worms from sheep and goats in the two states were grouped together in the scatter diagram (Fig. 10) .
Discussion
Descriptions of H. contortus in sheep and goats would greatly improve the diagnosis and prospects for controlling this pathogenic nematode. In the present study, morphological differences in H. contortus worms were found in the total body lengths, cervical papillae lengths, spicules lengths and the number of synlophe. Spicule length was found to be a discriminant character to distinguish between most populations of H. contortus and H. placei (Lichtenfels et al. 1988) . The spicule measurements in this study were in the same range as H. contortus in North America as described by Lichtenfels et al. (1994) .
The close proximity of DF values in the scatter diagram indicates that the individual worms from sheep and goats in the two states are correlated and confirmed as H. contortus in concurrence with the descriptions of Jacquiet et al. (1997) ; they reported the mean DF values in sheep and goats as -0.845 and -0.257, respectively. Subsequently, a similar method of Haemonchus species confirmation was also described by Achi et al. (2003) . This discriminant function may be more rapidly and easily applied to each Haemonchus species of domestic ruminants as compared with techniques in molecular biology which are expensive and time consuming. Lichtenfels and Pilitt (2000) reiterated that the pattern of longitudinal ridges on the external cuticular surface of trichostrongylid nematodes has been shown to be of value for distinguishing species and determining the relationships among these species; this character had been used previously to distinguish populations of H. contortus from H. placei (Lichtenfels et al. 1986 ). Lichtenfels et al. (1994) found that the number of cuticular ridges at 6 mm from anterior end of H. contortus female were 22, while in the present study, its mean number at 8 mm ranged between 22-23 in the two animals of both states.
The variation in vulvar morphology of female Haemonchus worms collected from sheep and goats may be due to a manifestation of some genetic factors important to establish and develop in hosts (Tod 1965) . However, some authors considered vulvar morphology as markers of ecological adaptation to an area (Le Whitlock 1968, Jacquiet et al. 1995) .
In concurrence to the results of the present study, some morphological differences had also previously been found between H. contortus worms collected from sheep and goats in Penang Island, Peninsular Malaysia (Rahman and Hamid 2007) . In the same context, Troell et al. (2005) , observed that H. contortus has a large phenotypic plasticity, and that it can avoid environmental stress by exhibiting different epidemiological strategies, depending on the surrounding conditions for the pre-parasitic stages. There are two plausible explanations for the morphological differences observed between H. contortus isolates from sheep and goats in the two states. Firstly is the geographical isolation between the states of Kelantan and Perak and secondly, the possible presence of different H. contortus strains which may have been introduced through the imported animals. However, further investigations on the imported animals to study the populations of H. contortus in the two states need to carry out. 
